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Based on the economic evaluation, whereby present worth 
cost, annual cost, cost per ton, cost per ton kilometer, 
breakeven revenue, and breakeven price have been calculated, 
the slurry transportation alternative has proven to be the 
economically better alternative of those analyzed for 
transporting the raw kaolin from the Ricanau Mine to the 
Moengo plant. The cost of trucking the kaolin is higher 
than slurry transportation of the kaolin from the mine to 
the plant in all situations. However, for the joint venture 
partners to determine the process to be used for the Ricanau 
kaolin, it will be necessary to conduct a feasibility study, 
based on marketable products and consideration of the total 
flowsheet of both a wet and dry process utilizing both means 
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1.1 Scope and Purpose
The production of kaolin in Suriname has long been the 
subject of investigation. Considerable research by numerous 
companies has been performed on its characteristics and 
possible applications. However, it was not until 1986 that 
the Suriname Aluminum Company (Suralco), in a joint venture 
with Engelhard Corporation, decided to proceed with the 
development of kaolin production and processing facilities. 
This decision was based on a pre-feasibility study conducted 
by Suralco. The kaolin project called for wet processing of 
the mined kaolin and included transportation of the raw 
kaolin from the mine to the plant by contractors using 
highway trucks with payloads not exceeding 10 metric tons. 
Hauling was scheduled to take place predominantly over 
public roads that constitute 9.5 km of the total 14.5 
kilometers. Although other methods of transportation were 
possible, no economic evaluations were conducted on any of 
the alternatives.
The objective of this study is to evaluate the 
economics of slurry transportation of the Ricanau kaolin to 
a processing plant located in Moengo, some 15 kilometers
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away. The evaluation includes a comparative cost analysis 
of trucking and pipeline alternatives.
1.2 Methodology
Slurry transportation of kaolin has become increasingly 
popular over the past few decades. Kaolin slurry, up to 65 
to 70% solids, flows very easily in a pipeline. One of the 
most important factors influencing slurry transportation is 
the particle sizing range; this is determined by the 
physical characteristics of the material to be transported. 
Slurry transportation would facilitate wet processing of the 
kaolin as is considered by the Suralco and Engelhard 
Corporation. From the viewpoint of air, water, visual and 
noise pollution, of danger to animal and human life, and of 
environmental impact, slurry transportation provides a 
superior choice over alternative transportation methods.
Background information, including the physical 
characteristics of the Ricanau kaolin body, is presented in 
section 1.3. Kaolin characteristics are compared with 
industry standards. Chapter 2 is devoted to the description 
of the two alternative kaolin production plans based on 
trucking and slurry transportation of the raw material from 
the mine to the plant. Trucking would facilitate dry 
processing of the kaolin. The two production plans require
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specific equipment and buildings that are described in 
Chapter 3, along with some engineering aspects of both 
plans. Economic evaluations of the alternatives are 
presented in Chapter 4 and include present worth cost 
calculations, annual cost, cost per ton and cost per ton- 
kilometer calculations and the determination of the break­
even price for the kaolin delivered to storage facilities in 
the plant. In order to make a comparable analysis, some 
assumptions have been made and are included in the economic 
evaluation. Finally the study is concluded in Chapter 5 
with a discussion.
1.3 Background Information
Kaolin deposits have been known to exist in Suriname 
since the beginning of this century, especially in the 
mountainous southern part of the country. However, it was 
during the bauxite exploration activities of Alcoa (Suralco) 
and Billiton-Shell in the 1920s and the 1930s that the 
extent of the kaolin occurrences became apparent. It was 
discovered that large quantities of kaolin were underlying 
the plateau and buried bauxite deposits in northern 
Suriname. Suralco's (Alcoa) interest in the Suriname kaolin 
dated back to that period. Over the years, the application 
of kaolin broadened, and the Suralco had continuously tried
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to interest companies within the kaolin industry to 
participate in the development of the kaolin industry in 
Suriname.
In 1980, the Suralco obtained the right for the exploration 
and exploitation of kaolin in its bauxite concession areas 
from the Suriname government. An ambitious reconnaissance 
program, followed by an exploration program, was organized 
to evaluate the commercial potential of the kaolin bodies 
underlying the bauxite deposits in the Moengo concession 
area. The areas of most interest were the mined- out 
bauxite mines where, in many instances, the kaolin body was 
exposed. In the period 1981-1982, the Suralco had 
established contact with the J.M. Huber Corporation. At 
that moment they seemed to be very interested in investing 
in a kaolin production facility in Suriname. A number of 
bulk samples were collected, analyzed and tested by J.M. 
Huber Corporation with encouraging results. The tests 
indicated that the kaolin could be processed successfully 
for the production of high-quality, paper-grade kaolin. 
However, the J.M. Huber Corporation discontinued its 
activities in Suriname in early 1983.
Suralco then turned to consultants for assistance in the 
further development of the kaolin industry in Suriname.
Bulk samples were shipped to the University of Indiana where
ER-4 040 5
the kaolin was tested and analyzed thoroughly. These 
exercises revealed that the kaolin could be used for the 
production of filler-grade kaolin, as well as for high- 
quality paper-grade products. There seemed to be a 
consensus that development of a kaolin production facility 
in Suriname was possible. However, the Suralco hesitated to 
enter the kaolin industry on its own, and continued to look 
for a partner from the kaolin industry. In 1986, the 
Engelhard Corporation was willing to enter a joint venture 
with Suralco aimed at further investigation and production 
of the favorable kaolin deposits.
Earlier exploration efforts had determined that the 
mined out Ricanau kaolin bauxite mine contained the most 
promising kaolin body. Further detailed exploration, 
carried out by the joint venture, confirmed this indication. 
At the end of this detailed exploration, five million metric 
tons of high-quality kaolin was estimated as a proven 
reserve, with a probable reserve in the range of 2 0 to 3 0 
million tons.
The characteristics of the kaolin were very favorable, 
as shown in Table 1.1. Brightness of the kaolin is within 
industry standard. Bénéficiâtion by magnetic separation 
resulted in an improvement of 2.5 to 4.3 brightness points. 
The brightest kaolin is found in the deeper weathered
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bedrock material. There appears to be a trend of greater 
brightness with depth into the weathered bedrock (Broekstra, 
S.D., 1985).
Viscosity of the kaolin is exceptionally low and, 
therefore, easily meets industrial standard. Viscosity in 
the weathered bedrock is higher, usually between 300 and 310 
centipoise (cps), but still lower than the industry standard 
of 500 cps. Grit percentages in the upperbody are very low.
Table 1.1





Brightness 82 (79-93) > 80
Viscosity at 
70 % solids (CPS) 86 500
Grit (material less 
than 325 mesh)
7.5% up to 24 ft 
3 5% at greater depth
< 25%
Particle Size 
% < 2 microns: 
Coarse.crude kaolin 






7.5%, but increase with depth. The conglomerate unit has 
the highest percentage, 75%, while the weathered bedrock 
showed a surprising average value of 35.5 %. In general, 
the industry standard for grit is 25%; however, high-quality
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kaolin with much higher grit percentage has been mined 
(Murray, H.H., 1980). The particle size distribution of the 
sedimentary kaolin and kaolin of the conglomerate are very 
good and easily meets the industrial standard. Particle 
size in the weathered bedrock is considered as coarse. In 
general it can be concluded that the kaolin is a medium- 
coarse clay with a wide range of application in both the 
filler and coating markets. It should be noted that the 
conglomerate and bedrock units of the kaolin body are not 
included in the above-mentioned proven and probable 
reserves.
Based on the indicated results of the reserve estimate, 
a feasibility study was conducted to determine the economic 
viability of producing kaolin from the Ricanau mine. The 
outcome of the study was acceptable for the joint-venture 
partners, and the decision was made to proceed with 
development of the kaolin production facilities, to be 
followed by suitable processing facilities after completion 
of the required studies. However, because of severe civil 
disturbances in mid-1986 in the target area and 




OVERVIEW KAOLIN PRODUCTION PLANS
After completion of the bauxite mining activities on 
the Ricanau hill, the surface of the kaolin body in the 
mined-out area was partially exposed. Still overlying the 
kaolin body is 1.35 meters of low-quality, high-silica 
bauxite that was previously left behind. In some areas, 
there also are pockets of pure gibbsite in the form of 
boulders or plates. This material forms the overburden in 
the kaolin mine. This overburden is removed by scrapers 
assisted by a Caterpillar D8 dozer. Following overburden 
removal, the kaolin can be mined using a one cubic yard 88B 
Bucyrus- Erie dragline.
Section 2.1 discusses the original kaolin production 
plan, in which the kaolin is loaded into small highway 
trucks for transportation to the processing plant located 
about 15 km northeast of the Ricanau Mine. In section 2.2 a 
modified plan is presented where in two stages the mined 
kaolin is prepared for slurry transportation from the mine 
to the processing plant.
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2.1 Original Kaolin Production Plan
In the original project, as described in the 
feasibility study of the Suriname Aluminum Company, raw 
kaolin is loaded by the production dragline into small 
highway trucks, with a payload of 10 metric tons, for a 14.5 
km haul to the processing plant, (Figure 2.1) At the 
processing plant the raw kaolin can either be dumped 
directly into the hopper of a shredder or onto a holding 
stockpile. A 988B Caterpillar front end loader is used to 
feed the shredder from the stockpile. From the shredder, 
the sliced kaolin is carried via conveyor to a covered 
storage area. Here the kaolin is air-dried. Shiploading is 
scheduled to take place from this storage area two to three 
times a month. Two 988B Caterpillar wheelloaders are used 
to feed the shiploading hopper.
This method of treating the kaolin is referred to as 
wet processing. However, the kaolin has not undergone any 
processing other than downsizing and airdrying. Obviously, 
the plan as described reflects the early stages of a dry 
processing method of the kaolin (Figure 2.2).
In the dry process, kaolin reclaimed from the stockpile 
or directly dumped into a hopper is shredded or crushed to 
particles equal to or less than two inches. Following 
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Source: UllmamVs Encyclopedia of Industrial Chemistry, Clay 
chapter by Haydn H. Murray.
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moisture is dried, commonly in a rotary dryer. After
drying, the kaolin is pulverized in a roller mill, hammer
mill, disk grinder, or some other disintegrating device.
The disintegrated kaolin may then be air-classified to 
separate the fine particles from the coarse. The
airfloating process also removes most of the grit. The top
size can be controlled to a degree, allowing various grades 
based on particle size to be produced. Figure 2.3 
illustrates dry kaolin processing as practiced by Evans Clay 
in the State of Georgia in the United States. Because of 
the high purity of the Ricanau kaolin, a range of airfloat 
grades for a variety of industries can be produced, 
utilizing dry processing of the raw kaolin.
2.2 Modified Kaolin Production Plan
The kaolin plan, as outlined in Section 2.1, is 
designed for dry processing of the kaolin. However, wet 
processing from that point is also a possibility but quite 
inefficient. The modified kaolin production plan, as 
described below, is specifically designed for efficient wet 
processing of the mined kaolin.
A production dragline or excavator feeds a semi­
portable blunger. In the blunger, the lumps of clay 




Evans Clay; Dry Processing Flowsheet
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added to aid the dispersion of the clay in the blunger. The 
resulting slurry is pumped to a degritting station 
consisting of drag classifiers or sandboxes followed by 
vibrating separators. In the sandboxes, the so-called grit, 
consisting of quartz, other sands, and mica, are removed and 
discarded in the mined-out areas or constructed sumps. In 
order to minimize the amount of grit in the slurry to be 
pumped to the plant, the slurry from the sandboxes is guided 
through vibrating screens for the removal of floating trash 
and other impurities such as mica. Following the screens, 
the degritted slurry is collected in a storage tank and then 
pumped to the plant (Figure 2.4). In the plant, the slurry 
is stored in large agitating tanks to await further 
processing. In case the kaolin is shipped in slurry form, 
it is more economical to ship the slurry at 70% solids. 
Therefore, a thickener should be used to increase the 
pipeline discharge of 40% solids to the required level of 
70% before finally placing the slurry into the storage tanks 
awaiting shipment.
As indicated earlier, the production plan as outlined 
is specifically designed for efficient wet processing of the 
raw kaolin. The wet process, the most applicable treatment 
of kaolinite ores, has been highly developed in recent 
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Schematic Overview of the Modified Production Plan
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in Figure 2.5 (after H.H. Murray). For a more detailed 
description of the wet processing flowsheet, see Appendix
ER-4040
































PRODUCTION AND ENGINEERING ASPECTS
3.1 Truck Transportation of the Raw Kaolin
Production. The target annual production is set at
300,000 metric tons of raw kaolin. The mine development and 
mining activities are more or less the same for both 
alternatives. Figure 3.1 illustrates the panel and drainage 
layout. The following activities can be distinguished:
Exploration and mine control drilling. These activities 
will be carried out with one sludge drill. Exploration 
drilling and control drilling will take place alternately 
according to the mining plan.
Stripping and mine development. For these activities 
two scrapers will be used, assisted by a D8-type dozer and a 
grader. Secondary stripping, where required, will be 
performed by the production dragline and/or the backhoe 
scheduled for drainage purposes.
Drainage. One backhoe (Cat 215) is scheduled for the 
digging and maintenance of the draining ditches. It is 
assumed that gravity flow will drain the mine pit. Where 
required pumps will be used to empty deep pits.
Mine bottom control and surveying services. A surveying 
crew will conduct these activities and also render
ER-4040
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Figure 3.1
Typical Panel and Drainage Layout of the Kaolin Mine
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assistance to the development activities (e.g., road 
construction, panel layout).
Truckloading. À 88B Bucyrus dragline with a one cubic 
yard bucket will be used to load highway trucks with a 
maximum capacity of 10 metric tons.
The loaded trucks will empty their load directly into 
the hopper of the shredder or onto a holding stockpile in 
the immediate vicinity of the shredder. From this stockpile 
the shredder is fed using a 988B Caterpillar front end 
loader. The shredded kaolin then will be transported via a 
conveyor belt system to the storage building.
New equipment and buildings required for the project 
will be:
- 1 storage building with an estimated capacity of 25,000 
tons
- 1 shredder, including hopper and conveyor. Rated capacity 
of the shredder is considered at 200 tons per hour.
The Hauling Route. From the mine face the loaded 
trucks will follow a main haulroad of about 2.4 km up to a 
public asphalt-paved roadway. After entering this road, the 
trucks will continue their way for 6.6 km; they will then 
make a curve to the northwest, entering a laterite public 
road. This road passes through the village of Wonoredjo.
The trucks will follow this road to the crossing with the
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main village road (Juliana Road). The trucks then will 
enter and follow the Juliana Road westward for about 200m 
before making a curve to the north into an existing laterite 
capped road leading to the Moengo plant, a distance of about 
1.6 km. This road is owned and maintained by the Suralco. 
Total haul distance is 14.5 km (Figure 3.2).
Associated development work for the above-mentioned 
transportation alternative includes:
- construction of a main haulroad of about 2.4 km from 
the mine site to the asphalt-paved public road 
reconditioning of the laterite capped village road:
(3.7 kilometers)
- reconditioning the laterite capped plant road from the 
main village road to the plant (1.6 km), 
installation of a shredder and conveyor belts 
construction of storage facilities with a capacity of
30,000 metric tons
Trucking Calculation. As indicated above, the total 
haul distance (one way) is about 14.5 km. Since most of the 
haul goes over public roads, the maximum allowable payload 
and velocity is subject to government regulations. The 
maximum allowable payloads for trucks using these roads is 
10 tons. The allowable speed is 30 km/hour for roads in the
ER-4040 22
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village and 60 km for those outside the village (asphalt 
paved). However, taking into account entering and exiting 
on the asphalt-paved road and the required speed reduction 
over the existing bridge across the Ricanau Creek, it is 
estimated that the average speed over this road will be 
approximately 40 km/hour. The average speed of the trucks 
over the main haulroad and on the laterite capped plant road 
is estimated to be 35 km/hour. The density of the Ricanau 
kaolin is about 1900 kg/m3. With a fill factor of 100% for 
the 1 cu.yd. production excavator, the load per swing is 
1.445 tons. Estimated swing time for the excavator is 30 
seconds. Therefore the machine will load the truck in 
approximately 3 minutes.
Estimated cycle time (from Appendix-A)
Estimated hauling time: Mine face to Plant . . . . 24.5 min.
11 return t i m e : ...........................24.5 min.
" loading time & manoeuvre.................3.0 min.
" dumping time & manoeuvre.................1.0 min.
Cycle time: 53.0 min.
Number of trips/shift for 1 truck: (6.4 hrs * 60)/53 = 7.2
Payload per trip = 10 tons
Production/truck/shift - 1 * 10 = 70T
Production/truck/day @ 2 shifts/day = 2 * 70 = 140T 
Required production per day = 1,200T (250 days/year)
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Number of trucks required = 1,200/140 * 1 truck = 8.57 = 9 
trucks.
Other aspects of the trucking operations. It should be 
noted that the hauling route consists mostly of public 
roads, 9.5 km of the total 14.5 km. The company using this 
roads also will have to bear the responsibility of 
maintaining it. Another aspect of using these roads is the 
increased safety hazard, resulting from the increased 
traffic. Environmental problems is created because of dust 
formed on the laterite capped roads through the village.
The plans in the feasibility study provide no measures to 
lessen or eliminate this environmental threat. Several 
alternatives have been mentioned, including the use of a 
watertruck with a chemical suppressant to reduce the 
development of dry weather dust or the complete 
reconstruction of those roads by providing them with a 
adequate layer of asphalt. The engineering department of 
Suralco estimated that the costs associated with the last- 




Production. In order to determine the capacity of the 
production system, as outlined in the modified production 
plan, the combined mechanical availability of the individual 
units must be determined. In a personal communication with 
Mr. John T. Williamson, President of Industrial Minerals 
Processing Equipment Corporation (IMPEX), he suggested that 
for planning purposes, 90 % mechanical availability of the 
individual units should be assumed.
Mechanical Availability
- Blunger 90%
- Drag Classifiers (Sandboxes) 9 0%
- Vibro Separators 90%
- Pipeline 90%
System Availability = .9*.9*.9*.9*.9 = 0.66%
Overview scheduled hours :
Operation Days/year Scheduled Hours
2 shift/day 250 4,000
2 shift/day 300 4,800
3 shift/day 250 6,000
3 shift/day 300 7,200
Hour loss due to shifting and repositioning of the blunger 
and blunger distributor, pipeline extension, replacement of 
sections of the classifier, and cleaning of the separators 
screens is estimated at 4 hours/week, i.e 200 hours/year.
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Overview System Capacity
Operation Avail Util Sched. Hours Oper. Hours Capacity
sh/dy dy/yr % % tons
2 250 66 90 4,000 2,160 194,000
2 300 h ii ii h 4,800 2,632 256,800
3 250 ii i h h 6,000 3,340 301,000
3 300 ii i ii n 7,200 4,048 364,000
The above calculations indicate that in order to meet 
the 300,000 ton production per year, a 3 shift/day, 250 days 
per year operation is required. Based on the calculated 
availability and the assumed utilization rate, the planned 
operation will yield 3,340 operating hours per year, which 
translates into 90 tons per operating hour.
Since no field and/or laboratory tests had been 
conducted, available data from existing kaolin slurry 
transportation systems have been reviewed (Murray, H.H 1980, 
A.Ye. Smoldirev and Y.K. Safonov, 1979) and the averages are 
used were applicable in this evaluation.
Estimated density of the slurry: 1,250kg/m3 
Percentage solids by weight = 4 0  
Required discharge of slurry =
(90ton/hour*1000kg)/(1250kg/m3*.4) = 180 m3/hour or 800 GPM.
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The pipeline diameter selected = 8 inch = 20.3 cm, 
(which is frequently used in the kaolin industry); 
consequently the speed of movement is:
4Q/3600*3.14*D2=4*180m3/(3600 seconds*3.14*.04m2) = 1.59 m/s 









180 m— /hr. 1.250 kcr/m— 40 1.59
or
800 GPM
The required equipment and buildings for this project
are:
- Naylor Spiral Buttweld Pipe. Length 14,000 meters or 
4 6,000 feet; inside diameter 8 inches, wall thickness
0.187 inches.
- 1 Portable Mine Blunger. Type IMPEX skid mounted Mine 
Blunger; capacity: 90 tons per hour, yielding
30-40% solids product (Appendix D).
4 Drag classifiers (sandboxes). Type: IMPEX drag 
classifiers; capacity: 150- 200 GPM (Appendix D).
4 Fine Mesh Vibro Separators. Type: 48 inches Dewco 
Separators Single Deck; capacity: 200 GPM, yielding 
3 0-40% solids product (Appendix D).
2 Mine Storage Tanks. Capacity: 125,000 gallons each.
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2 Plant Storage Tanks. Capacity: 250,000 gallons each.
2 Mainline Pumps. Type: Denver Orion, size 6x4x16 E.
Auxiliary equipments including:
- discharge and seal pump for the portable blunger 
1000 ft of 4 inches pipes for the blunger and drag 
classifiers outlets
500 ft of 6 inches waste outlet for the sandboxes. 
Further is required the extension of powerlines over a 
distance of about 5.1 km and the construction of a spoil 
area for the disposal of waste resulting from the drag 
classifiers and the vibro separators. It is estimated that 
about 1500 meters of dike will be required of 21 m3/m.
The mining operation in this alternative is different 
from the operation for the trucking alternative in the sense 
that instead of loading the highway trucks, the dragline 
will be loading the semi-portable blunger. Additional 
activity required in the mine includes repositioning of the 
blunger and blunger distributor, pipeline extension, 
replacement of sections of the classifiers, and cleaning of 
the separators screens, and the related operations of the 
classifiers, the vibro-screens and the pump units (main line 
and waste pump).
The Pipeline Trace. The pipeline is laid on an old 
railroad bed. From the pump location in the mine, the
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pipeline follows a straight line of approximate 2 km before 
reaching a curve that directs the flow westwards from the 
south-north direction . A straight line on the abandoned 
railroad is then followed, a distance of 6.6 km, whereafter 
there is a change of direction to the northwest. The 
pipeline then continues to follow the railroad bed straight 
to the plant, a distance of about 5.2 km (Figure 3.3).
Total pipeline length is approximate 13.8 km. The pipes 
forming the pipeline will not be buried, but laid on the 
abandoned trackbed and supported by wooden ties. The grades 
in the pipeline trace (the abandoned railroad bed) are less 
than one percent; this is also true for the public road.
Only at the approach to the mine will there be grades of 
about 3% for the trucks and 5 to 6% for the pipeline. The 
effect of these grades in the evaluation is considered to be 
negligible.
The total dynamic head (TDK) required for the system is 
calculated to be 420 ft (Appendix A, Table A-3). This will 
be divided over two stages of 210 ft each. The calculated 
break horsepower (BHP), pumping 800 GPM at 66% efficiency, 
is 85.5 HP. Incorporating 10% estimated motor and drive 
losses, the total horsepower required per pump amounts to 
85.5*1.1 = 94 HP or 70 kilowatt.
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Other Aspects of the Pipeline Transportation. While 
environmental and safety problems with the trucking 
alternative are considerable, pipeline transport is very 
attractive since it causes the least impact on the 
environment even, as in this case where, the line is placed 
above ground. Despite the heavy rainfall encountered during 
the rainy season in this part of the country, the pipeline 
can guarantee freedom from interruption due to adverse 
weather. Another aspect of slurry transportation is the 
availability of transporting water and the problem of 
blockage in the pipeline. There is no water shortage 
problem, because of the nearby Ricanau Creek and the large 
existing sumps, in part of the mined-out bauxite area. The 
kaolin slurry is considered homogeneous (see low Reynolds 
number in Table A-3). Because of this property, the slurry 
is restartable (T.C. Aude, T.L. Thompson and E.J. Wasp,
1974). This means that when the pipeline shuts down and the 
slurry settles, it settles in such a way that the system can 
be restarted. Hence the problem of blockage should not be a 





In Chapter 3 both production plans were described, 
pinpointing the required equipment, buildings, and other 
materials. Such a trucking operation as described is to 
support dry processing of the kaolin. Wet processing 
following this method of transportation is considered to be 
inefficient. However, despite the notion of inefficiency 
(i.e., compared to slurry transportation), wet processing of 
the kaolin is a possibility (Figure 4.1). Slurry 
transportation, as illustrated in Figure 4.2, facilitates 
wet processing of the kaolin. In turn, dry processing 
following slurry transportation is to be considered 
inefficient, since the kaolin must be dried before any 
further processing activities. The product resulting from 
the trucking alternative is quite different from that of the 
pipeline alternative. The value added in the latter is much 
higher. In the Minerals Yearbook of the Bureau of Mines 
(1988), these products are referred to as unprocessed clays 
with values ranging from $6 up to $39 per short tons (i.e., 
from Georgia and South Carolina kaolin). In that same year 
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Typical Wet-Processing Flowsheet with Option for Dry
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airfloated kaolin) to $450 per ton for the calcined paper 
grade kaolin.
The products resulting from the alternative production 
plans are quite different. However, further utilization of 
both products can occur. In order to determine the economic 
value of the products at this stage, the break-even price of 
the product at the same discount rate is determined. This 
price can be considered as a transfer price for any further 
utilization alternative.
4.2 Truck Transportation
The activities requiring analysis are mining and plant 
site operations. The mining activities are:
1. Exploration and Mine Control Drilling
2. Stripping and Mine Development
3. Drainage
4. Truckloading
5. Mine Bottom Control and Surveying Services.
The equipments to be used in the mining operations are all 
from the Suriname Aluminum Company. Due to reduced mining 
activities, surplus equipments are available. Some of the 
units will be used only when needed. To account for this 
aspect in the calculation, the utilization percentage is 
adjusted. The availability of the equipment used in the
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bauxite mining operations varies from unit to unit, in the
range of 75 to 95%. For purposes of this study, an
availability of 80% is estimated for all units. Equipment
costs are obtained from the accounting department of Suralco
(Moengo Works) and include maintenance costs (materials and
labor), fuel costs, depreciation, and, in some instances,
operator costs. However, most of the time operator costs
are calculated separately, since these are based on
scheduled hours and not on operating hours.
Exploration and Mine Control Drilling. One sludge
drill is used for this operation, manned by one crew of five
men, working only on the dayshift.
Associated costs:
Drill Availability = 80%
Utilization = 80%
Equipment cost: .8*.8*8hours/day*$60/oper.hour*250 days/year
= $76,800 per year.
Manpower: (8 hours/day*$12/hour*250 days/yr)*5 men
= $120,000 per year.
Stripping and Mine Development. The activities will
include stripping of overburden and the construction of
secondary mine roads from the mine face to the main
haulroad.
Equipment : - 2 scrapers. Utilization of these units
in the kaolin production is estimated at 40%.
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- 1 D8 dozer. This unit will not only assist 
the scraper operation but also the drainage and dragline 
operations. Therefore, the utilization is assumed at 80%. 
Associated costs:
Scrapers: (.8*.4*8 hours/day*$78/oper hour)*2
units*250days/year = $99,800 
D8 Dozer: .8*.8*8 hours/day*$67/oper.hour)*250days/yr 
= $85,800
Manpower: 8 hours/day*$12/sched. hour*250 days = $24,000 
Drainage. The drainage system planned includes the 
construction and continuous extent of a main drainage canal. 
The canals would allow the mined-out area to drain by 
gravity flow to the rim of the Ricanau Hill into the swamp 
area. Pumps will be used in deep pits if necessary. One 
laborer is assigned to this operation. These activities 
will take place only in the dayshift.
Equipment: One backhoe (Cat 215). At times the backhoe will 
get assistance from the D8 dozer in the mine. The 
production dragline also will be involved with drainage 
digging at times.
Associated costs:
Backhoe: .8*.8*8hours/day*$25/oper.hour*250 days 
= $32,000/yr
Manpower: (see calculation above) 2*$24,000 = $48,000/year.
Truckloading. This will be performed by one 88B B.E. 
dragline equipped with a one cubic yard bucket. The 
operation will be conducted on two shifts, five days a week.
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Further, the dragline will be assisted by the D8 mine dozer. 
In the late shift, the dozer is predominantly assigned to 
the production dragline.
Associated costs:
Dragline: .8*.8*8 hours/shift*2sh/day*$70/oper hour*250 days 
= $179,000 per year.
D8 Dozer: (late shift), see calculation above. = $85,800/yr. 
Manpower: Dragline operator for 2 shifts and one dozer
operator for the late shift. Total costs : $72,000 
per year (see calculation above).
Mine Control and Surveying Services. For bottom
control measurements and surveying assistance to road
construction, panel layout, exploration and control
drilling, and drainage, one survey crew consisting of four
men are available, working only dayshift.
Associated costs: 4*$24,000 = $96,000 per year
The costs to be included in the evaluation of trucking
the kaolin are those associated with: the construction
and/or reconditioning of haulroads, the maintenance of the
hauling route, and the actual trucking costs in the form of
payment made to the contractors. One of the most important
factors influencing the decision on surface hauling
alternatives is whether the infrastructure requirements such
as roads already exist. In the case of use of public roads,
cost could be attributed to overloading a public road. In
this case, the total hauling route already exists and
requires only partial reconditioning. Upgrading of the haul
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road is required on the stretch from the mine face to the 
asphalt-paved public road. This part of the haul road needs 
the most work. The job includes earthmoving to improve the 
roadbase and provide it with a 60 cm thick laterite cap.
Both base material and capping are available in the 
immediate vicinity.
The laterite capped village road and the plant road requires 
some cleaning and improvement of the capping layer. It is 
estimated that about 90,000 cubic yards of material are 
needed, including base and capping material at a cost of 
$2.71 per cubic yard and some 70 hours of cleaning at a cost 
of $79 per hour (i.e., feasibility study of the Suriname 
Aluminum Company (1986) with figures escalated at 8% per 
year). Including a contingency of 15% brings the total 
development costs to $287,000 and are considered as an 
expense. The operating costs are those costs associated 
with the maintenance of the haul route. Maintenance of the 
roads includes grading, patching, and watering the 7.5 km 
length of road. This activity will take place one shift per 
day, five days per week, requiring an additional grader 
operator who will be assisted from time to time by a 
compactor. Grader cost (including operator) is estimated at 
$78 per hour, working 2,000 hours per year. The compactor 
costs $37 per hour, working 600 hours per year. Watering of
ARJHUk  uik*.v. uuitHhrSSSBS»*»
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the roads is estimated to take place for 1,500 hours per 
year. With an estimated operating cost of $59 per hour, the 
yearly costs amounts to $88,500. Total road maintenance 
costs $266,700 per year. Trucking costs, the amount paid to 
the contractors, are based on a rental charge of $18.00 per 
scheduled hour. The yearly cost per truck is therefore:
$18.00/sched.hours*8hours/shift*2sh/dy*250 dys/yr = $72,000. 
For a truckfleet of 9 trucks, the total costs amounts to 
$648,000 per year.
It should be noted that no social costs associated with 
overloading of the public roads or dust formation are 
included in the above-mentioned costs. There also is no 
maintenance cost included for the asphalt-paved road. 
Considering estimated reserves of about 20 million metric 
tons, production will continue for over 50 years. Although 
it is likely that in the short run maintenance over this 
part of the haul road (6.6 km) will be low, in the long run 
this cost will increase and will even require significant 
investment for paving (i.e., providing the road with a new 
asphalt layer). It is naive to assume that the government 
will cover all the costs required to keep this road in good 
condition, while it is used by the mining company for truck 
hauling two shift per day, five days per week.
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Consequently, an estimate of repairing costs after 10 years 
of operation is included.
The costs of the trucking alternative is summarized below:
Development cost:
Reconditioning of haulroads ................  $ 287,000
Operating cost:
Road maintenance . . . . $ 266,700
Miscellaneous ..........  $ 27,000
Trucking (contractor) . . $ 648,000
Total.............................$941,700
This type of operation is very sensitive to escalation 
because of the large operating costs. Operations with small 
operating and large capital costs are less sensitive to 
escalation, as is the case with the pipeline operation. For 
sensitive operations, such as the trucking, the Suriname 
Aluminum Company uses escalation rates in the range of 8 to 
10% per year.
Plant Site. The plant site operations consist of 
shredding and laboratory activities. A loader is needed to 
feed the hopper of the shredder from a holding stockpile. 
Estimated utilization of the loader is 50%. The shredder 
will have a capacity of approximately 200 tons per operating
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hour and driven by a 60 HP (45 kw) electrical motor. One 
employee is needed to control the conveyor and control 
points.
The laboratory personnel will consist of four men and one 
supervisory employee, working only dayshift.
Associated costs:
Capital cost shredder ......................  $1.323,000
(estimated Suralco costs of 1986, escalated at 8% per year; 
straight-line depreciation over 10 years)
Operating costs shredder :
Electrical cost: (45kw*8hours*2sh/dy*90% avail*$0.15/kwh)*
250 dys/yr = $24,300 per year 
Material & other miscellaneous cost estimated at the same 
magnitude as the electrical cost = $24,300 per year
Loader cost: (.8*.5*8 hours/sh*2 sh/dy*250
dys/yr)*$67/oper.hour = $107,000 per year
Operator costs: 2*$24,000/yr = $48,000/year 
Labor costs: 2*$24,000/yr = $48,000/year
Laboratory costs:
Personnel: 4 laborers @ $24,000/yr = $96,000
1 supervisory employee = $40,000/yr
Material and other related costs: including bags, labels, 
electrical, maintenance (material and labor) estimated at 
50% of total labor costs = $48,000 per year.
General and Supervisory Costs. One office clerk is
associated with the operation. The kaolin production
activities will be coordinated by one mine supervisor with
estimated salary of $60,000 per year (i.e., estimated
average salary of Suralco's supervisory employee (staff) and
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two mine foremen with a salary of $40,000 per year.
Overhead or fringe costs are set at 6% of the total 
operating costs, based on the Suralco feasibility study. A 
contingency of 10% of the total operating costs is included 
to reflect miscellaneous, odd jobs and other activities, 
such as light plant operation in the mine during the night.
The development cost is expensed in the first year of 
operation. The capital costs include manufacturer's costs, 
including freight of the shredder and installation costs, 
capital, and construction costs of the storage building plus 
the conveyor system. The capital cost is depreciated on a 
straight line basis over a 10-year period, resulting in a 
depreciation amount of $132,300 per year. Total capital and 
operating costs for the trucking opration are included in 
Table 4.1.
Shipping and shiploading costs are not considered in 
this analysis, because of the many uncertainties associated 
with the shiploading method. During the study of the 
Suralco, no decision was made regarding the shiploading 
facilities. Studies regarding airdrying of the kaolin, 
drying the kaolin using the surplus bauxite drying 
facilities, and suppressing the anticipated dry dust problem 
of loading kiln dried kaolin, were pending .
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Table 4.1
Overview Capital and Operating Costs: Trucking Alternative 
Capital Costs:
- Storage Building and Shredder ..........  $1,323,000
- Asphalt Pavement (in year 10) ..........  $1,980,000
Development Cost:
- Reconditioning of Haulroads ............  $ 287,000
Annual Operating Costs:
- road maintenance ..........  $2 66,700
- expl. & control drilling . . $196,800
- stripping & development . . $209,600
- drainage ..................  $ 80,000
- truckloading ..............  $336,800
- trucking ..................  $748,000
- bottom contr. & surveying . $ 96,000
Subtotal mining ................  $1,933,900
- shredding ................  $251,600
- Laboratory ................  $184,000
Subtotal plant ................  $ 435,600
General and Supervision ............  $ 184,000
Subtotal ......................  $2,553,500
Overhead (Fringe) - 6% ..............  $ 153,000
Contingencies - 1 0 % ................  $ 255,000
Grand Total ....................  $2,961,500
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4.3 Pipeline Transportation
In section 3.2 the required equipment and buildings for 
the pipeline transportation system were reviewed. The 
layout, as illustrated in Figure 2.4, is widely used in the 
kaolin industry (Murray, 1980, lanicelli, 1976). The 
blunger, as manufactured by IMPEX, is very dependable, and 
units with 3 0 years of service are still in operation at 
some mines (Williamson, J.T., President of Industrial 
Minerals Processing Equipment Corporation, IMPEX, personal 
communication, January 1991). These blungers are currently 
in use by most major kaolin producers (Georgia Kaolin Co., 
Engelhard Corporation, J.M. Huber Corporation, to mention a 
few). Maintenance of these units consists of replacement of 
the linings and impeller. With an average grit percentage 
of 7.5%, replacement is estimated to take place yearly at an 
estimated cost of $5,000, of which $2,000 is the impeller 
cost. The associated capital costs are depreciated on a 
straight-line basis over a 10-year period.
Estimated capital cost:
- Unit C o s t ....................  $137,500
- Spare parts....................  $ 3 0,000
- Freight (10%) ................  $ 17,000
- Shipping C o s t ................  $ 19,000
- Installation ..................  $ 17,000
T o t a l .............................. $220,500
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Shipping cost determination is based on information received 
from the Alcoa Steamship Co. Installation cost is an "order 
of magnitude” estimate only.
Estimated yearly operating costs :
- Electrical: 187kw*3340oper.hours*$0.15/kwh = $ 94,000
- Material:(linings and impeller replacement)= $ 5,000
- Others - 10% (odd labor, maintenance) . = $ 10,000
Total........................... $109,000
The drag classifiers or sandboxes, also manufactured by 
IMPEX, are universally used in the kaolin industry. Their 
record of low maintenance has made them quite popular.
These units are slow moving and maintenance consists of 
replacement of one section on an estimated 2-year basis.
Estimated capital costs:
- 4 units 0 $63,800   $252,000
- spare parts (15%) ......................  $ 38,000
- freight (10%) .................. .. $ 29,000
- shipping cost & Insurance..............  $ 4,800
- installation cost ......................  $ 32,000
T o t a l ............................. $355,800
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Estimated yearly operating cost:
Electrical cost: 4*(1.5kw*3340 oper.hours*$0.15/kwh)= $3,000 
Material:(section replacement, 1/3 unit/year) = $30,000
T o t a l ........................   $33,000
Capital costs of the classifiers are depreciated straight- 
line basis over a 10-year period, i.e., $3 5,580 per year.
The Dewco Vibro-Separators. Maintenance of these units 
includes occasional cleaning of the screens, using a 
waterhose with a rubber "nose".
Estimated capital costs:
- 4 units @ $7,000......................... $28,000
- spare parts (10%)........................ $ 3,000
- freight ............................... $ 3,000
- shipping cost and insurance.............  $ 1,100
- Installation costs ....................  $ 3.500
Total............................. $38,600
Estimated yearly operating costs:
- Electrical cost: (1.9kw*3340 oper.hour*$0.15)*4 = $3,800
- Material:(50%).. ............................... $1.900
Total............  $5,700
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Depreciation of the capital cost is on a straight-line 
basis over a 10-year period, i.e. $3,860 per year.
Some auxiliary equipment is needed for the blunger, the 
drag classifiers, and the vibro-separators. These 
auxiliaries include discharge and seal pump for the blunger, 
outlet pipe (4 inches) for the blunger and vibro-separators, 
and 6 inch outlet pipe for the sandboxes. The estimated 
capital costs for these auxiliaries is 10% of the total 
capital cost of the system. These capital costs are 
depreciated on a straight line basis over a period of 10 
years.
Estimated capital costs : 0.1*$614,000 = $61,000
There will be storage facilities for the kaolin slurry 
in the mine, as well as in the plant in the form of large 
agitating tanks. In the mine, two agitating tanks will be 
installed with a capacity of 125,000 gallons each. The 
tanks in the plant will have a capacity of 250,000 gallons 
each. The tanks are made of mild steel and provided with a 
cover and walkway.
Estimated capital costs Mine storage tanks :
Material: ................................... $ 96,000
Freight (10%)   $ 10,000
Shipping & Insurance  $ 4,400
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Super structure............................. $ 11,100
Reducer, motor. Shaft, & propel ..........  $ 19,400
Installation (20%).. ......................... $ 28,000
T o t a l ......................  $166,700
Estimated yearly operating costs:
Electrical: (5.6kw*6000 hours*$0.15/kwh)*2 = $ 10,000
Estimated capital costs plant storage tanks:
Material: ................................... $186,000
Freight (10%) ............................... $ 19,000
Shipping & Insurance......................  $ 7,500
Super structure............................. $ 12,400
Reducer, motor, Shaft, & propel ..........  $ 27,600
Installation (20%) ......................... $ 50,000
T o t a l ......................  $302,500
Estimated yearly operating costs:
Electrical: (5.6kw*6000 hours*$0.15/kwh)*2 = $ 10,000
Costs figures for the agitating tanks were obtained from 
representatives of the Denver Equipment Company (personal 
communication, April 1991).
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Extension of Powerlines. Powerlines must be extended 
over a distance of about 5.1 km. For the construction of 
these powerlines, use will be made of the existing steel 
poles along the abandoned railroad track. The engineering 
department of the Suralco had, for other purposes, estimated 
the extension of powerlines along this trace in the range of 
$80,000 per km. In a personal communication with Suralco's 
mining manager, this figure was reviewed and an updated 
total cost of $510,000 was considered more appropriate.
This capital cost is depreciated on a straight line basis 
over a 10-year period, i.e. $51,000 per year.
Spoil Areas. The production system requires a disposal 
area for the grit removed at the classifiers and the vibro- 
screens. There are a number of options for the location of 
the spoil area. In this study, a swamp area at the rim of 
the Ricanau Hill between the Ricanau and the Begi Gado mine 
was chosen. A dike with a length of 1,500 meters is needed 
to create the spoil area. The scraper fleet of the Suralco 
is used to construct a dike with a base of 25 meters and a 
height of 4.5 meters resulting in 21m3/m length. The 
estimated cost of $2.71 per cubic yard is used to determine 
the construction costs. The required materials for 
construction of the dike are all within 1.5 km, which is the
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maximum distance included in the calculation of the cost per 
cubic yard of the Suralco's scraper fleet.
Estimated construction costs: (1500m*3.281)*750
ft3/ft*.03704*$2.71/cu.yd = $371,000
An estimated cost of about $29,000 for the construction of a 
culvert system to allow overflow of clean water into the 
Ricanau Creek brings the total construction costs to 
$400,000. This cost is capitalized and depreciated on a 
straight line basis over a period of 10 years, i.e. $4 0,000 
per year.
Mining Costs. The mining activities for the pipeline 
operation are quite similar to the operation outlined for 
the trucking alternative. The main difference lies in the 
dragline operation. Instead of truck loading, the dragline 
will feed the blunger in a three shift operation, 3,340 
operating hours per year. The D8 dozer assisting the 
production dragline is scheduled for three shifts.
Blunger loading; estimated yearly operating costs:
- Dragline - 3340*$70/oper.hour ........... $233,800
- D8 dozer - (2*$85,800)   $171,600
- Operators costs: (5*$24,000)   $120,000
Total......................... $525,400
Compared to the trucking alternative, two more 
employees are scheduled per shift for the slurry preparation
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operation in the mine. They will carry out small breakdown 
jobs, maintenance, control, and any other related (odd) 
jobs.
The Pipeline. The cost estimate for the slurry 
pipeline operation is:
ctotal = cpumping + cpipe + cpump + cmotor (T.C. Aude et al, 
1974)
Cpumping = operating cost of pipeline system 
Cpipe = capital and maintenance cost of the pipeline 
Cpump = capital and maintenance cost of the pump 
Cmotor ~ capital and maintenance cost of the motor.
The pumping (operating) costs consist of the electrical 
cost of the pipeline system and maintenance cost (labor and 
material) of both the pipe and pumps. Maintenance cost of 
the pipe is considered to be very low, since most, if not 
all, of the damaging abrasive material will have been 
removed. For maintenance purposes, two laborers are 
assigned to the system year round, and material cost is 
estimated to be 150% of the estimated labor costs.
Electrical cost is based on the per kilowatt hour cost of 
the Moengo power facilities of $0.15.
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Overview yearly pumping cost:
- Labor cost:2*(250d/yr*8hrs/sh*3sh/d*$12/hr) = $ 144,000
- Material cost = $ 72,000
- Electrical cost:3 340 oper.hour*94 kw*$0.15/kwh = $ 94.000
Total $ 310,000
The pipe cost is determined by the manufacturer quoted 
price plus freight charges. Shipping costs are based on an 
estimated weight of 850 tons for the pipes and charges of 
$100 per ton (Alcoa Steamship Co.). Installation costs are 
based on the labor and equipment cost of Suralco. Finally, 
10% is added to represent costs for accessories, such as 
flanges and fittings. These costs are capitalized and 
depreciated on a straight line basis over an estimated life 
of 15 years.
Overview pipe cost:
- Manufacturer quoted price
Naylor Pipe Co. ($6.60/ft) $304,000
- Freight Charges, Insurance
& other handling charges $ 30,000
- Shipping $ 85,000
- Miscellaneous $ 40,000
- Installation $ 51,000
Total $510,000
A straight line depreciation schedule over 15 years results 
in a yearly depreciation deduction of $34,000.
The pump and motor costs are combined and consist of 
the manufacturer's quoted price, freight, insurances, and
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other shipping charges of 25% plus installation costs. The 
cost of the pump and motor are capitalized and depreciated 
over a period of 10 years. Note that the maintenance costs 
of these units are already included in the pumping costs.
Overview pump and motor costs:
Manufacturer's quoted price $ 26,500
Denver Equipment Co.
Freight & Shipping charges $ 6,600
Installation cost $ 1,900
Total $ 35,000
Depreciated on a straight-line basis over a period of 10 
years, results in a depreciation deduction of $3,500 per 
year.
Overview: Overall cost of the slurry system 
Capital cost $545,000
Operating cost $310,000
Plant Site. The plant site activities include only 
laboratory operation and control of the storage tanks. The 
scheduled manpower for the laboratory is the same as in the 
trucking alternative. Additionally, one man is scheduled 
for the late night and the early morning shift to perform 
tank control and sample preparations.
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Estimated yearly plant operating costs: 
Manpower: 6 men @ $24,OOO/yr = . . . . $144,000





General and Supervisory Costs. These costs are the 
same for both production alternatives. However, because of 
the three shift operation for the slurry operation, one 
foreman is added to the pipeline operation, with an 
additional cost of $40,000 per year.
Total capital and operating costs for the pipeline option 
are included in Table 4.2.
Shipping and shiploading activities are not included in 
the analysis. The economic evaluation to be conducted 
provides the present worth cost of the kaolin production 
alternatives, the annual cost, and a breakeven sale or 
transfer price that includes a discount rate of respectively 
15 and 25%.
Escalation. The issue of escalation has been briefly 
discussed in section 4.2 regarding the trucking 
alternative. As outlined, the escalation rate for an 
operation, such as the contractor trucking of the kaolin, is 
considered to be much higher than the pipeline system,
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Table 4.2
Overview: Capital and Operating Costs, Slurry Transportation
Capital Costs:
- Blunger (1) ..................
- Drag classifier (4) ..........
- Vibro-Separators (4) ..........
- Auxiliary Equipment ..........
- Mine Storage Tanks (2) ........
- Plant Storage Tanks (2) . . . .
- Pipe, Naylor Buttweld (46000 ft)
- Pumps, Denver Orion (2) . . . .
- Powerline Extension ..........
- Spoil Area ....................
Total ............
Annual Operating costs:
- Expl. & Control Drilling
- Stripping & Development . .
- Drainage . . .  ..........




- Agitating (mine storage)
- Agitating (plant storage) .
- Pipeline ................
- Laboratory ..............
- General & Supervisory costs
subtotal operating costs
- Overhead (6%) ..........






























because of the higher capital investment and lower operating 
cost associated with the system. Once the investment is 
made, much of the costs are fixed. Of the remaining part, 
most of the operating costs are electrical costs (pumping, 
power), which can be considered relatively stable. Overall 
escalation on pipeline systems over time ranges typically 
from 2.1 to 3.8% per year (T.C. Aude, et al, 1974)
In the feasibility study conducted by the Suralco, it 
was not clear what discount rate was used to determine the 
economics of the original kaolin production plan. While 
determining the selling price of the raw kaolin produced 
according to the original production plan, two profit 
margins have been considered. The first showed a selling 
price, including 25% return on initial investment, while the 
second calculation showed a selling price including a 50% 
return. Information obtained from the consultant at that 
time to Suralco (Alcoa) indicated that the kaolin industry 
was earning a rate of return between 18 and 25 %. The 
evaluation in this report considers a discount rate of 15 
and 25%.
Assumptions. With the above-mentioned information, a 
number of calculations can be made to reveal the economics 
of both production alternatives. Note also that this study 
deals with alternatives with different characteristics.
ER-404 0 58
including different life of equipments and/or components. 
Further, there are uncertainties with regard to the 
financial responsibility that the company will assume in the 
long term to guarantee an adequate hauling route in the 
trucking alternative. Maintaining an adequate hauling route 
in the long run would include improvement of the surface of 
the public asphalt road, which means providing the road with 
a new layer of asphalt. As indicated earlier, it is naive 
to believe that the government will bear the cost of 
maintaining this road in good, adequate condition for an 
extended time period. Therefore, in order to capture the 
total production costs properly, the following assumptions 
are made:
- period of calculation is 15 years,
- capital expenditure is made in the lO*'*1 year of 
production in order to maintain an adequate hauling route. 
Cost is estimated at $300,000 per kilometer for a total of 
6.6 km. This capital expenditure is depreciated on a 
straight-line basis over a period of 10 years.
- the slurry pumps will be replaced in the lO***1 year of 
production
- working capital required is estimated to be equivalent to 
three (3) months operating costs.
- tax rate is assumed to be 4 0%.
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- any remaining book value of equipments/buildings is 
written off in year 15.
For details of the economic evaluations, see Appendix B 





Alternative Discount Esca­ Present Annual Cost Cost
Transportation Rate lation Worth Cost per per
Method % % Cost1 ton ton km
Trucking 15 NA 12,369 2,110 7.03 0.48
Pipeline 15 NA 10,354 1,771 5.90 0.41
Trucking 15 8 17,561 3,003 10.01 0.69
Pipeline 15 5 12,557 2,147 7.16 0.49
Trucking 25 NA 8,833 2,289 7.63 0.53
Pipeline 25 NA 7,922 2,053 6.84 0.47
Trucking 25 8 11,380 2,949 9.83 0.68
Pipeline 25 5 9,015 2,336 7.79 0.54
1) in $1000
NA: not applicable
Alternative Discount Esca­ Breakeven Breakevi
Transportation Rate lation Annual Price
Method % % Revenue ($/ton)
Trucking 15 NA 3,561 11.87
Pipeline 15 NA 2,994 9.98
Trucking 15 8 5,016 16.72
Pipeline 15 5 3,609 12.03
Trucking 25 NA 3,822 12.74
Pipeline 25 NA 3,438 11.46
Trucking 25 8 4,872 16.24
Pipeline 25 5 3,891 12.97
1) in $1000
NA: not applicable
Calculation Procedure: Stermole, F. and Stermole J. 1987. 
"Economic Evaluation and Investment Decision Method" and




Investment and operating costs for the two alternatives 
are shown below along with a selected investment criterion 
(all values x $1000).
Trucking Slurry
Initial Investment 1,620 2,600
Deferred Investment 1.900 _____ 0
Total Investment 3,590 2,600
Annual Operating Costs 2,962 2,258
Present Worth Cost @ 15% 12,369 10,354
It is quite obvious that the pipeline alternative is 
superior to the trucking alternative for mining the Ricanau 
kaolin. The present worth cost calculations, the annual 
cost, cost per ton, cost per ton km, the breakeven revenue, 
and the breakeven price figures are all lower for the 
pipeline system. The impact of escalation is dramatic; 
because of the higher expected escalation in the operating 
cost of the trucking alternative, the calculated costs show 
increased differences up to a factor of about 1.3.
Moreover, it is important to note that two different
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production methods that yield quite different products are 
being compared of which the product resulted from the 
pipeline system is of much higher value. It should also be 
noted that the uncertainties associated with the trucking 
alternative are much greater and, therefore, affect the 
trucking operation negatively. In order to determine the 
impact on the social cost of overloading the public roads 
and the impact of dust formation on the laterite capped 
village roads, more detailed study on these subjects needs 
to be done.
Because of the high quality of the Ricanau kaolin, dry 
processing of the kaolin is an important option and, 
therefore, the possibility of trucking the kaolin must 
further be evaluated in more detail, considering different 
types of trucks.
Further study also must be conducted to determine any 
further treatment or utilization of the kaolin product in 
storage. Studies also must be done to determine whether the 
percentage solids in the slurry can be increased in such a 
way to eliminate the use of a thickener in case of direct 
shipping of the pipeline product. Note that the blunger can 
yield a product with 70% solids, although at a lower 
production rate.
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The economic attractiveness of wet or dry processing of the 
Ricanau kaolin can be determined effectively by considering 
the total processing flowsheet based on a marketable 
product. This study gives a good insight into the advantage 
of slurry transportation of the Ricanau kaolin over this 
distance.
Although a certain tax regime and depreciation schedule 
is followed in this study, these topics are open for 
negotiation with the Suriname Government. The existing 
bilateral agreement between the Suriname Government and the 
bauxite mining companies concerning above-mentioned 
investment criteria can serve as an example.
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Mine haulroad: 2.4 km 
Ave. speed: 35 km/hr.
Haultime ........................... 4.1 minutes
Section 2
Asphalt-paved public road: 6.6 km 
Ave. speed: 40 km/hr.
Haultime ........................... 9.9 minutes
Section 3
Laterite capped village road: 3.9 km 
Ave. speed: 30 km/hr.
Haultime   7.8 minutes
Section 4
Laterite capped Plant road: 1.6 km 
Ave. speed: 35 km/hr.
Haultime   2.7 minutes
Haultime . . .









Effective working hours per shift = .8*8 = 6.4 




Slurry: - 40% Solids by weight
Formula: C= 161(d-1)/d (Ceramic Industry, September 1987, p. 
36): C = % solids by weight 
d = specific gravity 
Consequently: 40=161(d-1)/d --- > d = 1.331
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Table A-3
Total Dynamic Head and Break Horsepower Calculations
Reynolds Number:
Formula (Nolte, C.B., 1978): NR = 3157*Q*S/D u 
Friction coefficient (f) = 64/NR
NR = Reynolds Number
Q = Capacity (GPM)....... = 800 GPM
S = Specific Gravity . . . . =1.331
u = viscosity (centipoise) . = 100
Consequently: NR = 4100
f = 0.0156
Friction Loss (Hf), using the Darcy Formula (Baker, P.J. et
al, 1979): Hf = f*(L/D)*(V2/2g);
- L = length of pipe (m) . . .  = 13800 meters
- D = pipe diameter (m) . . . = 0.203 meters
- V = flow velocity (m/s) . . = 1.56 m/s
- g = gravity (9.81)
Hf = 0.0156*(13800/0.2 03)*((1.56*1.56)/(2*9.81))
= 131.54 meters or 432 feet.
Static Head: Elevation from which the pump will draw kaolin
slurry is 18 0 feet. Maximum elevation to which the pump
will deliver is 160 feet. Static head = 180-160 = 20 feet.
Total Dynamic Head = 432-20 = 412 feet. Rounded to 420.
Pump selected: Denver Orion Pump: to pump at 66% efficiency
with a head of 210 feet. Number of pumps required = 2.







Equipment Cost and Estimated Pipeline Installation Cost









Based on American labor productivity the number of welds 
that can be completed in 1 hour = N = 140/C;
C= pipe diameter (inches)* 3.14 ( Gulf Publishing Company, 
"Pipeline Rules of Thumb Handbook, p. 27).
Assumption: productivity Suralco labor is 70% of American 
Labor.
N = (140/25.12)*.7 = 3.9 welds per hour.
Number of welds per day = 7.2*3.9 = 28
Number of welds needed = (48,000/50)*1.2 = 1,150
Number of Days required = 1,150/28 = 41
Costs
Crane 41 days*8 hours/day*$82/hour = $26,896
Labor 2(41 days*8 hours/day*$12/hour = $ 7,872
welder " " " = $ 7,872




Economic Evaluation, the Trucking Alternative ( x $1000)
Year 0 1 2 3 4 5 6 7
Revenue 0 0 0 0 0 0 0
Oper. Cost 0 -2962 -2962 -2962 -2962 -2962 -2962 -2962
Dev. Cost -287 0 0 0 0 0 0 0
Dep. -132 -132 -132 -132 -132 -132 -132 -132
Taxable -419 -3094 -3094 -3094 -3094 -3094 -3094 -3094
Tax @ 40% 168 1238 1238 1238 1238 1238 1238 1238







132 132 132 132 132 132 132
Cashflow -1442 -2464 -1724 -1724 -1724 -1724 -1724 -1724
Year 8 9 10 11 12 13 14 15
Revenue 0 0 0 0 0 0 0 0
Oper. Cost -2962 -2962 -2962 -2962 -2962 -2962 -2962 -2962
Dev. Cost 0 0 0 0 0 0 0 0
Dep.
Write off
-132 -132 -198 -198 -198 -198 -198 -198
-792
Taxable -3094 -3094 -3160 -3160 -3160 -3160 -3160 -3952
Tax @ 4 0% 1238 1238 1264 1264 1264 1264 1264 1581







198 198 198 198 198
792
740




X Escalation, 8% yearly
Discount Rate
eo 15% 25% 50% o 15% 25% 50%
Present Worth o o
Cost o12,336 8,833 5,418 o 17,561 11,380 6,108
Annual cost o 2,110 2,289 2,715 0 3,003 2,949 3,061
Cost/ton o 7.03 7.63 9.05 o 10.01 9.83 10.20
Cost/ton km o 0.48 0.53 0.62 o 0.69 0.68 0.70
Breakeven o o
Annual Revenue o 3,561 3,822 4,515 o 5,016 4,872 5,064
Breakeven Price o 11.87 12.74 15.05 o 16.72 16.24 16.88
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Table B-3
Economic Evaluation, the Pipeline Alternative ( x $1000)
Year 0 1 2 3 4 5 6 7
Revenue 0 0 0 0 0 0 0
Oper. Cost 0 -2258 -2258 -2258 -2258 -2258 -2258 -2258
Dev. Cost -287 0 0 0 0 0 0 0
Dep. -260 -260 -260 -260 -260 -260 -260 -260
Taxable -547 -2517 -2517 -2517 -2517 -2517 -2517 -2517
Tax @ 40% 219 1007 1007 1007 1007 1007 1007 1007
Net Income -328 -1510 -1510 -1510 -1510 -1510 -1510 -1510






-2668 -1815 -1251 -1251 -1251 -1251 -1251 -1251
Year 8 9 10 11 12 13 14 15
Revenue 0 0 0 0 0 0 0 0
Oper. Costs -2258 -2258 -22 58 -2258 -2258 -2258 -2258 -2258
Dev.Cost 0 0 0 0 0 0 0 0
Dep. -260 -260 -3.5 -3.5 -3.5 -3.5 -3.5 -3.5
Write off 
Taxable -2517 -2517 -2261 -2261 -2261 -2261 -2261
-14
-2275
Tax @ 40% 1007 1007 904 904 904 904 904 910
Net Income -1510 -1510 -1357 -1357 -1357 -1357 -1357 -1365















Discount Rate o 15% 25% 50%
eo 15% 25% 50%
Present Worth o o
Cost o10,354 7,922 5,541 o 12,557 9,015 5,848
Annual cost o 1,771 2,053 2,777 0 2,147 2,336 2,931
Cost/ton 0 5.90 6.84 9.26 o 7.16 7.79 9.77
Cost/ton km o 0.41 0.47 0.64 o 0.49 0.54 0.67
Breakeven o o
Annual Revenue o 2,994 3,438 4,629 o 3,609 3,891 5,046
Breakeven Price o 9.98 11.46 15.43 o 12.03 12.97 16.82
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APPENDIX-C 
Wet Processing of Kaolin
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The wet process, the most applicable treatment of 
kaolinite ores, has been highly developed in recent years. 
Crude kaolin of variable quality can be wet processed to 
produce a uniform, high-quality product. From the storage 
tanks, various qualities of kaolin are pumped to a terminal 
tank and blended to provide feed for the beneficiation 
plant.
The first step in the wet process is fractionation; the 
kaolin slurry is fractionated into two grades of clay: a 
fine fraction and a coarse fraction. This is accomplished 
with continuous, horizontal solid-bowl centrifuges, hydro­
cyclones, or hydroseparators or even gravity settling 
basins. The coarse fractions are used as filler in paper, 
plastics, paint, and adhesives, and the fine fractions are 
used in paper coatings, high gloss paints, inks, special 
ceramics and rubber. It is also not uncommon for the 
degritted slurry to be passed through a high gradient 
magnetic separator prior to centrifugation to upgrade the 
crude clay by removing iron and titanium minerals.
Usually following fractionation, the brightness of the 
clay is improved by either leaching, or ultraflotation, or 
both. As shown in Figure C-l, there are many different 
steps possible following fractionation.
Instead of going to the leaching department or
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Wet Process Flowsheet (After H. H. Murray)
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flotation department, the kaolin can go through magnetic 
separation and into delaminators or directly to delaminators 
and then to a magnetic separator or to delaminators without 
any magnetic step.
Natural kaolin is stained with iron minerals and has a 
brightness of only 79 to 81. Iron stains are removed by 
leaching with a strong reducing agent, such as zinc or 
sodium dithionite or zinc hydrosulfite. An improvement of 
four to seven brightness points usually results. The 
dewatering of the flocculated kaolin slip as the next step 
is accomplished by using high speed centrifuges, large 
rotary vacuum filters, or plate and frame filter presses.
The soluble iron sulfate is removed with the filtrate in the 
dewatering step. Sometimes, the flocculated slip is 
thickened by using thickeners or centrifuges before 
filtration. In some cases, the iron in the kaolin is in a 
reduced state rather than in the normal oxidized state.
These gray kaolins are then treated with a strong oxidizing 
agent such as ozone or sodium dithionate prior to the 
acidification and normal reducing leach procedure (Murray, 
1980).
Crude kaolin contains titanium-dioxide in the form of 
anatase in amounts up to 2.5%, which imparts a creamy yellow 
color to the kaolin, and this color is resistant to
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leaching. The ultraflotation process is used for the 
removal of this mineral. In this process, an auxiliary 
mineral such as ground limestone, is conditioned together 
with the kaolin clay using reagents suitable for flotation 
of the limestone (soda ash, fatty acid, fuel oil), and the 
mixture is fed to flotation cells. The froth containing the 
collected limestone also contains the very fine particles of 
anatase adhering to the limestone particles. Kaolinite 
clays can be produced with a brightness of above 90 through 
the use of this technique (Defoe, 1985). After filtration, 
the kaolin filter cake can be extruded to noodle form and 
dried in apron dryers or rotary dryers, or it can be 
redispersed to the fluid state and spray dried, drum dried, 
or shipped in slurry form as 70% solids in tanks cars.
Introduction of the high gradient magnetic separation 
process to the kaolin industry has broadened the range of 
processing possibilities. The process can be used to 
upgrade a medium grade kaolin product to a premium grade 
product, to clean up the coarse fraction separated by 
centrifuging, or to process low quality material that would 
otherwise be uneconomic to mine.
Delaminated kaolin is produced by splitting apart the 
larger books or stacks of Kaolin; this yields a product in 
which the individual plates tend to be wider, thinner, and
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whiter. The processes used for délamination include wet- 
grinding and extrusion. Delaminated kaolin has special 
application in light weight paper coatings, in paints, and 
in special rubber applications.
Calcination is another widely used process to produce 
special products from kaolin. When kaolin is heated to 
approximately 1,050 °C, it is converted to nullité, silica- 
alumina spinel, and cristobalite. The product is whiter, 
brighter, has better hiding properties when used in thin 
film applications, and is more abrasive. By proper 
selection of the feed kaolin and careful control of the 
calcination and the final processing, the abrasiveness of 
the calcined product can be reduced to acceptable levels.
The brightness of this fully calcined, fine particle kaolin 
is then 92-95%, depending on the feed material. It is used 
as an extender for titanium dioxide in paper coating and 
filling and in paint and plastic formulations (Murray,
1980).
There are some other special processes used to modify 
the surface of the kaolin chemically to improve its function 
in many systems, such as ink, rubber, paint, and plastic.
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APPENDIX D 
SLURRY PREPARATION EQUIPMENT from IMPEX
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INDUSTRIAL MINEBALS PROCESS EQUIPMENT CORP.
February 18, 1991
Mr. Herman Alendy 
Suralco
1600 West Campus Road 
Apartment No. 4 
Golden, Colorado 80401
Subject: Kaolin Processing Equipment
IMPEX Proposal Number M —0291
Dear Mr. Alendy:
As per our conversation we are pleased to enclose herein our 
proposals for furnishing processing equipment for your clay 
operation in Surninam. We are offering the following equipment 
for your consideration:
1) Portable Mine 81unger
2) Drag Classifers
3) Fine Mesh Vibro— Separators
1) PORTABLE BLÜNGER
The portable blunger that we are offering has been operational 
since 1960 in the kaolin field with improvements made as 
operational problems o c c u r r e d . Therefore, you will be getting 
the latest technology from both a mainte n a n c e  and operational 
standpoint. There are about 20 of these uni t s  operating on 
kaolin with the first units put into service in 1960 still 
operating.
One (1) IMPEX skid mounted Mine Blunger c o mplete with 250 HP,
3ph, 900 rpm, 460 volt, 60 h z , T EFC motor designed for 
vertical operation with shaft d o w n . Motor has hinged 
base for belt tensio n i n g .
~ Feed hopper has water spray ring to prevent sticky 
clay from build-up.
- Main shaft is high-strength steel designed for £50 HP 
shock loads.
- Shaft has slingers to protect special bearings 
designed for high radial and trust l o a d s .
” Cutter blade and hub has special hard facing suitable
for operation on sandy clays plus e x p e l 1er vanes on h u b .
- The blunger chamber has r e p laceable special alloy 
side plates and b a f f l e s .
- Blunger has both top and submerged screens design for
both gummy and conventional c l a y s .
- Top screens are 2 ' x 3 1 sectional screens with off-set 
design and slots varying from 1/8" to 3/16" openings to 
prevent plugging.
- Blunger housing has protective covering on both ends to 
protect motor and electrical.
ARTHUR LAKES uBRANf COLORADO SCHOOL OF MINES 
GOLDEN, CO 80401
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- Complete rotating assembly is bolted construction for 
easy maintenance replacement. Cutter blade is bolted to 
hub for easy replacement which can be replaced without 
removing rotating assembly.
- Normal rating of blunger is 100 stph yielding 30-40% 
solids product. However higher solids up to 74% can be 
achieved with lower production rates.
- Discharge pump and water seal pump are not included 
since these items can be more easily purchased by you.
• Blunger has the following external piping connections:
1 - 3/8" packing gland water seal inlet 
1 - I" hopper spray ring
1 “ 1 1/2" chemical feed
1 - 4" water feed
1 - 8" slurry discharge
1 - 8" drain
- Blunger is normally fed by 1-cubic yard excavator 
accepting lumps up to 500 pounds by weight.
- All exteror surfaces are protected by special paint 
coating.
- The skid mounted blunger will be in general accordance 
with our attached drawing MB 101-C Rev 1, but with 
submerged screens not shown in drawing.
- For shipping purposes the blunger will be knocked-down, 
laid horizontal on skid and blocked for export shipment. 
Some field assembly will be required.
Price-----------*137,500 f.o.b. Macon Georgia
shops crated and protected for 
export shipment
Delivery-— — — 18-20 weeks
Terms-----------Irrevocable letter of credit with
order exercisable upon delivers to 
shipper.
Due to the location of your plant from our shops we are 
recommending that you consider a complete spare rotating 
assembly and extra cutter blade. Our price on these items are 
as follows:
One (1) rotating assembly including bolted base support, 
bearings, shaft, rotor, slingers, rotor packing gland, 
replaceable hardened sleeve and o-ring seal.
Price--------------*27,460 f.o.b. Macon, Georgia
One (1) cutter blade complete with hard facing on all wear 
surfaces and balanced.
Pr ice *2,000 f.o.b. Macon, Georgia
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2) BRAG Classifier
Drag classifiers or "sand boxes" as they are called in the 
kaolin industry have been used very successfully since 1949.
They are very effective in removing sand, quartz and mica from 
the crude at ranges from 30-40% solids with a very high recovery 
of crude while requiring extremely low horsepower and 
maintenance as compared with complex high pressure hydroclones 
systems. One sandbox has a nominal rating of 150-200 gpm when 
removing 10-15% of impurities. For highest recovery of crude a 
small secondary blunger followed by one secondary drag 
classifier for every four or five primary classifiers yields 
maximum recovery. A good system layout would be to use gravity 
flow from the blunger surge tank to the classifier's distributor 
-to primary classifiers - to screens - and to storage tank(s) 
before the pipeline pump. No purfps are needed to be used 
throughout the degritting system except the blunger discharge 
pump and the main pipeline pump.
One (1) drag classifier approximately 8' wide x 40* long x 18"
effective liquid depth constructed of 1/4“ mild steel 
plate complete with 2 HP, 230/460 volt, 3 ph, 60 hz 
motor, v-belts, gearbox and chain drive, plus drag 
chains, drag rakes, sprockets, guide rollers, gearings, 
shafts, spray wash and all accessories including feed 
distributor and adjustable overflow weir are included. 
Drag rakes have special replaceable rubber strips 
suitable for long service life. Drag classifier to be in 
general accordance with our drawing DC 101-C attached. 
All surfaces except inside bottom are protected by 
special paint coating. Units are normally mounted on 
peripheral foundation curbs filled with gravel and sand 
soaked with oil. Due to dimensional size and shape we 
need to discuss best method of shipment. It is possible 
to ship in two (2) 20 ft. sections or smaller if 
desired.
Price *63,800 f.o.b. Macon, Georgia 
shops crated for export 
delivery
Delivery 14-16 weeks
Terms Irrevocable letter of credit 
with order exercisable upon 
delivery to shipper
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3) 48: ÇEWÇg VJBRQ—SEPARATOR
This screen is the result of years of experience essentially in 
the kaolin industry that has been modified by a field serviceman 
to reduce maintenance and operation costs. It now has become the 
standard of the industry and is used by all the major producers.
For your mining operation we would recommend these screens to be 
located between the drag classifiers and the storage tank(s), 
before your pipeline, essentially to remove floating trash and 
mica escaping the drag classifiers. For normal operations we 
would recommend an 80 or 100 mesh stainless screen size which 
when used with the drag classifiers should yield a product at 
30-40% solids with a maximum of t% plus 323 mesh non-abrasive 
product for your pipeline service. These screens would have an 
estimated flow rate of 200 gpm (each) on this application.
One (1) 48" Dewco Separator single deck complete with 48"xB"
table frame assembly, 48"x13" spacing frame with 
standard 6"x8" spouts, all wetted parts to be 304 
stainless. Motor to be 2 1/2 HP, 1200 rpm, 230/460 volt, 
60 hz, TENV unit to come with your choice of screen. 
Screen to be in general accordance with Bulletin 
attached.
We trust that the above equipment meets with your approval and 
we look forward to working with you on this project. Should you 
have any questions concerning this equipment, please do not 
hesitate to contact us.
Since we handle a complete line of processing equipment 
including magnetic separators, centrifuges, filters, high-shear 
mills and blungers, spray dryers and calciners, as well as 
ozonators, we would appreciate your putting us in touch with the 
engineer(s) or group in-charge of plant equipment.
Thank you for your interest in our company and equipment.
Price *7,000 f.o.b. Macon, Georgia 
shop crated for export shipment
Delivery 6 weeks
Terms Irrevocable letter of credit 
with order exercisable upon 
delivery to shipper
ohn T. Williamson
Sincerely
J  
President
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